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The use of chromate as a corrosion inhibitor in primer paint is an essential 
component for the protection of aluminum-skinned aircraft and the primary source of 
hexavalent chromium (Cr (VI)) exposure to USAF aircraft painters. The objective of this 
research was to quantify the dissolution of chromate from freshly sprayed paint particles 
into a simulated lung fluid (SLF). Two primer paints were sprayed with a paint spray 
gun to generate overspray particles for collection into impingers filled with SLF. 
Particles were allowed to soak in SLF for 24 and 48 hours and then the particles were 
removed by centrifugation. The remaining Cr (VI) dissolved in the SLF was then 
compared to the initial Cr (VI) concentration with particles. The results indicate that the 
dissolution of Cr (VI) into SLF is hindered by the paint. Also, the results indicate that the 
amount of Cr (VI) dissolved into SLF from the paint particles is not significantly 
different between the two paints tested or between the 24- and 48-hour resident times. 
This study suggests that Cr (VI) in paint particles is less bioavailable than Cr (VI) in 
other particles such as dust or mist. 
IX 
DISSOLUTION OF CHROMIUM FROM INHALABLE PRIMER PAINT 
PARTICLES INTO A SIMULATED LUNG FLUID 
I. Introduction 
Air Force Primer Paint Overview 
Coating systems—comprising a metal-surface treatment, a primer and a topcoat— 
are used extensively throughout the United States Air Force (USAF) to protect metal 
surfaces of aircraft from the hostile environment to which they are exposed on a daily 
basis. Primers are paints and/or coatings that provide corrosion resistance to a metal 
surface and promote adhesion between the surface and the topcoat. Typical USAF 
primers contain passivating corrosion-inhibitive ingredients such as zinc chromate, 
barium chromate, and strontium chromate (SrCrO^. 
There are three military specifications (MIL-P-23377G, MIL-P-85582B, and 
MIL-P-87112) and one federal specification (TT-P-2760A) that regulate primer paint 
applied to USAF aircraft. The specifications identify SrCr04 and barium chromate as 
corrosion inhibitors. The use of SrCr04 as a corrosion inhibitor in primer paint is 
presently considered the primary source of hexavalent chromium (Cr (VI)) exposure to 
USAF aircraft painters. 
Chromium Health Hazards 
In the past several years, a number of agencies have reviewed the epidemiological 
and toxicological evidence and have classified hexavalent chromate (Cr (VI)) as a human 
carcinogen. For example, the Agency for Toxic Substances and Disease Registry 
(ATSDR, 1990), the National Institute for Occupational Safety and Health (NIOSH, 
1997), the International Agency for Research on Cancer (IARC, 1990), American 
Conference of Governmental Industrial Hygienists (ACGIH, 1998), and the Occupational 
Health and Safety Administration (OSHA, 1996) have classified Cr (VI) as a human 
carcinogen. Mancuso (1975) provides limited but adequate information demonstrating 
that Cr (VI) is a potential human carcinogen. Mancuso's data were used as a primary 
database for estimating the carcinogenic potency of Cr (VI). Three foreign studies on 
ferrochromium plants were also considered for use in the potency calculations 
(IRIS, 1998). 
Cr (VI) is the oxidative state of greater concern with occupational exposures. 
Occupational exposures to Cr (VI) can include welding, leather tanning, electroplating, 
textile manufacturing, photoengraving, copier servicing and exposures to paints/pigments 
(ATSDR 1990:2,3; IARC, 1990:24). Numerous detailed studies for Cr (VI) exposure 
have been conducted in the following manufacturing and industrial application areas: 
production of ferrochromium steel and high chromium alloy, production of chromates 
and chromate pigments, leather tanning, chromium plating and welding. Unfortunately, 
no health studies have been conducted for spray paint operations (IARC, 1990: 85-98). 
It is therefore not certain that workers exposed to Cr (VI) in painting operations 
experience the same health effects. 
Occupational Exposure Concerns 
The current OSHA limit of 100 ug/m3 is a ceiling limit, which means that the air 
concentration can never exceed this concentration. OSHA's permissible exposure limit 
(PEL) for Cr (VI) is unchanged since 1971 (Martonik, 1995). In July 1993, OSHA was 
petitioned for an emergency temporary standard (ETS) to reduce the (PEL) for 
occupational exposures to Cr (VI). 
OSHA's goal is to protect the occupational worker from hazardous materials but 
must include feasibility when determining exposure control in industry. The Oil, 
Chemical, and Atomic Workers International Union (OCAW) and Public Citizen's 
Health Research Group (HRG) petitioned OSHA to promulgate an ETS to reduce the 
PEL for Cr (VI) compounds to 0.5 Ug/m3 as an eight-hour, time-weighted average 
(TWA) (OSHA, 1996). OSHA has denied the ETS request but a rulemaking procedure 
has been initiated and a proposed rule is under investigation (OSHA, 1996). 
Virtually all the studies that OSHA used to determine Cr (VI) carcinogenicity are 
based on Cr (VI) exposures in dust or chromic acid mist particles. There are virtually no 
studies involving Cr (VI) in primer paints. This thesis effort was undertaken to test the 
hypothesis that the bioavailability of Cr (VI) from exposure to paint particles is lower 
than that of such mists and dusts, because the resin-coated Cr (VI) present in the paint 
particle may suppress dissolution of Cr (VI) into body fluids. To accurately assess the 
need for a revised Cr (VI) exposure limit for paint particles, it is necessary to determine if 
the Cr (VI) will remain sequestered in the paint particle until it is removed from the body. 
Thesis Objective 
This research will quantify the dissolution of Cr (VI) from paint particles into a 
simulated lung fluid (SLF). Primer paint, aerosolized with a high-volume low-pressure 
(HVLP) paint spray gun, will be collected in the SLF by bubbling air through the SLF to 
transfer paint particles into the fluid. The SLF sample will be divided into three aliquots. 
If the statistical results indicate that dissociation of Cr (VI) is hindered when bound in 
paint, chromate-containing primer paints may not present as great a hazard as the types of 
exposure studied by OSHA to lower the exposure standard. In other words, if Cr (VI) in 
the primer paint does not dissociate as readily as free Cr (VI) compounds such as in acid 
droplets or dust particles, then significantly smaller quantities of Cr (VI) will be released 
into the lung fluid. Any Cr (VI) that does not dissociate from the particles will be cleared 
from the lungs before causing any damage to lung cell DNA. 
Research Goals 
This research study focuses on three primary research goals. The first goal is to 
develop a method for measuring the amount of metal dissociation from primer paint 
particles into SLF. A second goal is to determine to what extent the residence time of 
primer paint particles in SLF will affect the amount of Cr (VI) dissolving into the SLF. 
Contact time between the paint particles and the SLF may affect the curing process of the 
paint particle, causing a time-dependent increase in the extent of Cr (VI) dissolution. To 
determine whether time had an influence on dissolution, paint particles collected under a 
standardized set of conditions were allowed to soak in the SLF for 24 or for 48 hours. 
The fraction of Cr (VI) dissolved into the SLF at the 24 and 48-hour residence times are 
compared for differences. The final objective of this thesis is to quantify the fraction that 
dissociates into the SLF from the collected primer paint particles. The total concentration 
will be compared to the quantity and size of paint particles collected during spray 
painting. 
II. Literature Review 
Background 
Protecting aircraft surfaces is vital to maintaining USAF aircraft integrity. 
Inadequate control and prevention of aircraft corrosion can shorten the service lifetime of 
the aircraft, hinder the USAF mission, and potentially compromise safety. The primary 
protection for the aircraft skin is the coating system. The performance of the paint 
coating is critical to preserve the passivated aluminum surface, which extends the life and 
performance of military aircraft. The primer paint serves two purposes. The first 
purpose is to provide a better surface to which the polyurethane topcoat adheres. The 
second purpose is to protect the metal skin from excessive corrosion by maintaining the 
mixed aluminum-chromium surface layer that prevents oxidation (TO 1-1-8, 1989:1-1). 
The component added to most primer paint that is responsible for corrosion control is 
SrCr04. 
Chromium 
Chromium is found naturally in the earth's crust. Chromium is both an essential 
micronutrient and a chemical carcinogen. Chromium exists in a series of oxidation states 
from -2 to +6; the most important stable states are elemental metal (Cr), trivalent (Cr 
(III)), and Cr (VI). Bioavailability and systemic distribution of chromium are influenced 
by the oxidation state and solubility (Ballantyne: 1995:25). The health effects of 
chromium are at least partially related to the valence state of the metal at the time of 
exposure. Cr (III) and Cr (VI) compounds are thought to be the most biologically 
significant (ATSDR, 1990:2). Chromium is both an essential micronutrient [as Cr (III)] 
and a chemical carcinogen [as Cr (VI)]. The biochemical importance of Cr (III) in 
glucose metabolism was reported more than a quarter century ago (Schwartz, 1959:2). 
On the other hand, the carcinogenicity of Cr (VI) compounds is well-documented 
(Schechtman, 1986:1; Persson, 1986; Adachi, 1986; Korallus, 1986; Levy, 1986; IARC, 
1990:214). 
There are many health hazards associated with Cr (VI). Cr (VI) compounds are 
oxidizing agents that can induce tissue damage directly. Cr (VI) increases cancer risk by 
the formation of DNA adducts, radical adducts, DNA cross-links and DNA strand 
breakage which interferes with normal DNA template replication and transcription 
(Dartsch, 1998: S40-41). 
The principal industrial uses of Cr (VI) are as a structural element and as an 
anticorrosive. Large quantities are used to make stainless steel and to "chrome plate" 
regular steel. In both cases, Cr (VI) protects the iron in steel from corrosion. The 
principal industrial consumers of chromium are the metallurgical, refractory, and 
chemical industries. Cr (VI) is used in electroplating, welding, painting, and printing 
(Federal Register, 1996: 61: 62748-62788). 
SrCrC>4 is a critical component in aircraft primer paint. If the metal surface of the 
aircraft skin cracks, chromate from the paint migrates into the crack. The release of the 
chromate ion restores the passivation of the aircraft surface and prevents corrosion. 
SrCrÜ4 is a yellow crystalline powder with a solubility of 1,200 ppm at 15 °C in 
water (Weast, 1985: B-147) but SrCrC>4becomes more soluble in hydrochloric acid, nitric 
acid, acetic acid and ammonium salts (IARC, 1990:58,77). Common "synonyms" are 
chromic acid and strontium salt. SrCrC>4 was originally used as color in artists' paints but 
later found more-extensive use to impart corrosion resistance to aluminum, steel and 
magnesium alloys (IARC, 1990:58,77). 
USAF Primer Paint 
Of the three military specifications and one federal specification that provide 
performance requirements for primer paint applied to USAF aircraft, the most 
predominantly used primer paint for USAF aircraft is the military specification MIL-P- 
23377G (Weissling, 1996:61). 
The MIL-P-23377G paint used in this thesis effort is a two-component, 
chemically cured, epoxy-polyamide primer paint. The two components are a base and a 
catalyst. The base and catalyst are mixed in a ratio of three parts base to one part catalyst 
prior to being applied. Primer paints from two manufacturers, Deft and DeSoto, were 
selected for this research. According to the manufacturers' Material Safety Data Sheets 
(MSDSs), which are found in Appendix A-l and A-2 respectively, the Deft primer base 
component contains 25% (by weight) SrCrC>4 and the DeSoto primer base component 
contains 20% (by weight) SrCr04. 
Regulatory Exposure Limits 
The administrative procedures utilized by OSHA to promulgate a revised standard 
include a review of all available information. A literature review, done by OSHA, is 
performed to collect and consider all available research, data and reports germane to 
determination of the Cr (VI) standard. Also, research sponsored by OSHA and 
unsolicited research and reports are submitted to OSHA. The collected reports are 
numbered and filed into a legal file called a docket. The docket established for the revised 
chromium standard contains in excess of 300 individual studies (OSHA, 1999). No 
references citing Cr (VI) hazards associated with occupational use of paints or primers 
containing SrCrC>4 are in the Cr (VI) standard docket. 
Alternatives to Chromated Primer Paints 
The health concerns associated with Cr (VI) have led the USAF to search for 
alternatives. Boeing Company Aircraft and Missiles (B-A&M) have researched possible 
substitutes for chromate-containing primer paints for corrosion control. One Boeing 
report identified likely candidates to replace chromate containing primer paints. A 
subsequent report evaluated those candidates and narrowed the choices to be applied to 
operational aircraft for further evaluation. Successful results might provide the USAF 
with competent alternatives to chromated primer paint. One of the paints tested passed 
all tests, but it was inferior to primer paint containing chromate (NDCEE 1 & 2, 
1998:1,1). 
Interest in Cr (VI) compounds and products that contain them stems from the fact 
that workers have an increased risk of lung cancer due to the handling, processing, and 
application of chromate-containing compounds (Grogan, 1954:152). In the early 1930s, 
commercial development of chromates led to the widespread use of chromate pigments as 
metal-protective primers, especially on aircraft (Calupski, 1956:357-384). As of 1999, 
Cr (VI) is listed as the 16th most hazardous substance in the Top 20 Hazardous 
Substances on the ATSDR/EPA Priority List of Hazardous Substances (ATSDR, 1999). 
Inhalation Toxicology/Lung Model Physiology 
There are four primary routes of exposure to toxic substances: inhalation, 
ingestion, dermal absorption and skin contact. From the standpoint of deposition of 
aerosolized paint particles, inhalation route of exposure is the most significant route of 
exposure and it will be addressed in this research. 
The respiratory system can be divided into two main regions. These two regions 
are the conducting zone—consisting of the nasal passages or mouth, pharynx and larynx, 
trachea, bronchi, and bronchioles—and the respiratory zone, which consists of respiratory 
bronchioles, alveolar sacs and alveoli as illustrated below (Fox, 1996:460-1). 
Con d active stone Resprratory zone 
Figure 1. Conducting and Respiratory Zones 
The Conducting Zone. 
Within the conducting zone, air first travels through the nasal passages (or 
mouth), pharynx and larynx. In this upper region, large airborne particles are filtered 
from the air and the air is warmed and partially humidified. Next the air passes through 
the trachea and bronchi. The bronchi bifurcate (split) into successively smaller bronchi 
all the way down to the terminal bronchioles. Each bifurcation results in a sharp change 
in direction and the larger paint particles are unable to negotiate the sharp turn and impact 
on the mucous layer. Rarely do particles greater than 6 urn succeed in traveling to the 
deeper respiratory zone (Fox, 1996:463). 
Mucociliary Escalator Clearance 
Two layers of fluid line the conducting zone of the respiratory system. The fluid 
at the base (nearest the lung tissue) is serous and has viscosity similar to water. The fluid 
on top is mucous and is more viscous than the lower layer. This thicker mucus captures 
many particles that impact this region (Bates, 1989:70). The mucociliary clearance 
mechanism occurs in the airways from the trachea down to the bronchioles and is well 
suited to trap and sweep away bacteria, inhaled particles and cellular debris (Bates, 
1989:69). The paint particles trapped in the mucus are eventually removed from the body 







serous (watery) layer 
with cilia 
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The linear velocity of the mucous layer is influenced by ciliary beat frequency 
(Bates, 1989:4). Cilia move captured particles approximately 1.0 cm/min to the pharynx 
to be swallowed (Phalen, 1995:133-5). 
Mucociliary escalation removes particles faster because the particle is transported 
by ciliary action to be swallowed or expectorated. If a paint particle containing Cr (VI) 
were to reach the respiratory level of the lung, the macrophages would eventually break 
down the components. Clearance of foreign particles in the lung can be accomplished by 
three major methods: mucociliary clearance, phagocytosis and coughing (Bouhuys, 
1977:293). This thesis effort is focused on the clearance of paint particles by mucociliary 
escalation prior to reaching the alveoli. 
The Respiratory Zone. 
Beyond the conducting zone, the respiratory zone includes the respiratory 
bronchioles, alveolar ducts, alveolar sacs and alveoli. This is where gas exchange 
between air and blood occurs. The body's main clearance mechanism for foreign 
particles in the alveolar region is lung macrophages. Lung macrophage is a type of cell 
that brings a particle of foreign matter into the cell and breaks it down. However, 
compared to the mucociliary escalator in the conducting zone, lung macrophage activity 
is a slower mechanism for removal of foreign particles. 
Particle Size Deposition in the Lung 
Typical particle deposition in the lung of an adult male is shown in figure 2 
(Health Effects Institute, 1998: 2). Different sections of the lung receive different 
particle distributions. Of the particles that enter the respiratory system, the respiratory 
11 
zone receives 40% of particles between 0.01 and 0.1 im and 20% of the particles 
between 1 and 10 im. The conducting zone receives 60% of the total particles ranging in 
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This chapter describes the equipment and methods used, followed by a discussion 
of the procedures developed to accomplish this research effort. The selections for 
residence times and sample digestion are discussed. The equipment used to discriminate 
particle size is described, as well as the peripheral collection equipment. 
Experimental Design 
The experiment is designed to collect primer paint particles into SLF and quantify 
the fraction of Cr (VI) that escapes the particle and dissolves into the surrounding SLF. 
The dissolution of Cr (VI) into the SLF assumes the paint particle was inhaled and is now 
imbedded in the serous layer of fluid in the lung. The turbulent method of collection 
exaggerates the efficiency of extraction and ignores the period of time required for 
deposited particles to penetrate the mucous layer into the serous layer, so the 
experimental design is very conservative. 
Simulated Lung Fluid. 
There are two types of SLF in the literature: simulated surfactant lung fluid 
(SSLF) and simulated interstitial lung fluid (SILF). The difference between SSLF and 
SILF is a surface-active component (dipalmitoyl lecithin: DPL) present in SSLF (Dennis, 
1982:470). Biological fluids are difficult to recreate and lung fluid is no exception. 
Different variations of SLF were found in the literature but most can be traced to 
Gamble's 1952 formula. SLF has been used to test solubility of uranium compounds 
(Cooke, 1974: 69; Duport, 1991:121), titanium tritide particles (Cheng, 1997:633), 
13 
dissolution of fibers (Christensen, 1992:83; Mattson, 1994:87; Mattson, 1994:857), and 
dissolution of yellowcake—U308, a product of uranium milling used for nuclear fuel 
enhancement (Dennis, 1982:469; Eidson, 1984:151). In addition to the standard salts, 
some formulas include preservatives to extend shelf life, or proteins to more closely 
mimic the natural lung fluid. Proteins may result in foaming of solution when the air is 
bubbled through, so SLF without proteins was selected. However, it is possible that 
proteins may play a role in effecting the breakdown of the paint matrix and, therefore, 
promoting release of Cr (VI). 
An SLF formulation reported by Fisher and Briant (Fisher, 1994: 264) and shown 
in Table 1 was selected for this experiment. Moss (Moss, 1979: 447) reported a potential 
problem of precipitation of salts from SLF formulas due to high local concentrations 
when the salts are initially added to solution. Therefore, the Fisher SLF relied on a 
modified Gamble's solution, in which a 50% reduction in magnesium and calcium 
chloride salts eliminated the precipitation problem (Fisher, 1994:264). 
The SLF was mixed in batches of 1 liter (L). SLF ingredients were added to 
950mL of deionized (DI) water. Each ingredient was weighed using a Mettler scale to an 
accuracy of ± 0.1 mg. The ingredients were added sequentially in the order listed in 
Table 1. When the desired mass of each ingredient was attained, several drops of DI 
water were added to partially dissolve the ingredient. This enhanced the dissolution of 
each ingredient when added into the final volume and maximized ingredient transfer into 
the SLF mixture. 
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Table 1. Simulated Lung Fluid Ingredients 
Description Molecular Formula Concentration in mg/L 
Magnesium chloride MgCl2- 6H20 101 
Sodium chloride NaCl 6019 
Potassium chloride KC1 298 
Sodium phosphate Na2HP04- 7H20 268 
Sodium sulfate Na2S04 71 
Calcium chloride CaCl2- 2H20 184 
Sodium acetate NaH3C202- 3H20 952 
Sodium bicarbonate NaHC03 2604 
Sodium citrate Na3H5C6Or 2H20 97 
Midget Impinger. 
Paint particles were collected by bubbling particle-laden air through the SLF 
using a midget impinger containing SLF. An impinger is a device that draws air through 
a conducting tube (#1 in Figure 3), releasing the air at the bottom of a narrow cylinder 
that contains a fluid (#2 in Figure 3). In these experiments, the air bubbles through the 
fluid and some paint particles become trapped in the fluid while the air continues to be 




2) Typical level 
reached with 30mL 
SLF 
3) Tubing to 
air pump 
Figure 3. Midget Impinger 
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The impinger was connected to a Gilian® GilAir 5 air pump. Air is drawn 
through the pump at a specific rate. After preparing the impingers, the GilAir pumps 
were calibrated to 1.2 1pm using a Gilibrator Airflow Calibration System # 800286. An 
airflow rate of 1.2 1pm was selected to maximize particle capture between 1-20 urn. 
Six impingers were used during spray painting for this thesis effort. An aliquot 
(50 mL) of SLF was added to each of three impingers and 50 mL of DI was added to 
each of the remaining three impingers. The three impingers containing SLF were placed 
side by side to simultaneously collect samples during spray painting operations. An 
additional impinger, containing DI was placed in the same area to determine particle size 
and particle number collected during overspray sampling. The remaining two impingers, 
containing DI, were used to determine background contribution of particles in the spray 
paint booth prior to sampling. 
The air pumps for the four impingers (three SLF and one DI) were started less 
than a minute before spray painting began. The pumps were stopped less than a minute 
after painting operations had ended. Total sampling time was recorded. The conducting 
tubes of the impingers were replaced prior to each sampling period to be certain that 
residues in the tubes would not contaminate the next sample. After sample collection, the 
GilAir pumps were recalibrated to check flow rate. The recorded flow rate was the 
average of values measured during pre and post calibration. 
Paint Booth. 
The paint booth in which the samples were collected is located in a humidity- and 
temperature-controlled facility. The paint booth used for this sampling effort measures 
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81"x72"x60" and has an average air flow of 151 feet per minute. The temperature during 
sample collection was 22 ± 2 °C and the humidity during sample collection was 63 ± 3 % 
(99% confidence interval). Sampling location, flow rate, painting procedure, and climate 
were held constant to avoid variation from unwanted sources. The paint samples were 
collected in a paint booth utilizing the same application equipment and techniques used 
during typical spray painting operations. A DeVilbiss high-volume low-pressure (HVLP) 
paint spray gun, (product number JGHV-531), fitted with a 46MP air cap, was used to 
apply the paint. 
Paint base and activator were mixed at a 3:1 ratio, per manufacturers' 
specifications, and allowed a 30-minute induction time before the paint was sprayed for 
sampling. For each sampling period 300 mL of the activator was mixed with 900 mL of 
the base component. Sample periods ranged from 10 to 92 minutes in duration. 
A cardboard box was placed around the impingers (Figure 6) to slow the 
movement of spray paint particles, which provided an adequate number of paint particles 
for collection. The HVLP spray gun was positioned approximately 12 inches from the 
front of the box and sprayed parallel to the face of the box, approximately 8 inches from 
the target. The placement of the target and the HVLP paint gun were selected to avoid 
collection of large paint particles. Both flow rate and pressure knobs on the spray gun 
were set to achieve uniform and satisfactory atomization with a nozzle pressure of 1.5 
psi. Paint was continuously applied to the test panel throughout the entire sampling 
period. A 24-by-l 8-inch test panel was installed adjacent to the opening of the box and 
set at an angle of approximately 30 degrees from normal to the flow of paint. Figure 4 
17 
illustrates the sample collection stand (#1), test panel (#2) and HVLP spray paint nozzle 









Figure 4. Sample Collection Stand & Paint Booth 
Particle Counter. 
A volumetric liquid particle counter (Liquilox S05), made by PMS Inc., uses a 
volumetric particle LiQuilaz® sensor that counts and measures particles suspended in 
liquids. The particle counter is capable of detecting particle counts within 15 distinct 
particle size ranges—from a minimum particle size of 0.5 \im through a maximum 
particle size of 20 urn. The range limits can be adjusted throughout the 0.5 - 20.0-wn 
particle size range with the manufacturer's software. 
Because the salts in the SLF interfered with particle counting, a separate impinger 
filled with DI water was used for the purposes of establishing the size and quantity 
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distribution during particle collection. Contribution of particles from spray painting was 
determined through the particle count measurements performed on the impingers 
containing DI water. To determine the net particle count from painting, the particle 
counter drew an aliquot directly from the center of the sample volume for analysis. The 
t 
particles collected in the impinger without painting (background) was subtracted from the 
particles collected during spray painting to yield the total particle contribution from spray 
painting. The particles counted in the DI water from each sample run were assumed to be 
representative of the sampling run. The particles counted were applied to all three SLF 
samples collected during the sample run. 
Residence Time. 
Residence time of the paint particles in the SLF should mimic the residence time 
of foreign particles in the human lung. Mucociliary transport has been estimated from 
whole-lung clearance curves. The particle size range that is of most interest is 1 - 20 urn 
because this size range is most likely to be inhaled and deposit in the tracheobronchial 
tree. A particle that impacts on the tracheobronchial tree, is usually cleared via 
mucociliary mechanisms within 24^8 hours (Brain, 1994:120). The potential contact 
time of a particle in the conducting zone of the lung is the area of interest, so 24- and 48- 
hour residence times were selected. To determine whether residence time affected the 
dissociation of SrCrÜ4 from the sample, two groups of collected samples were incubated 
at body temperature (37°C) for 24 and 48 hours, respectively. 
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Centrifuge. 
The Eppendorf model 581 OR centrifuge was used to separate the paint particles 
from the SLF (Figure 5). The Cr (VI) concentration of the initial sample, which contains 
paint particles, provided the total Cr (VI) concentration of the SLF sample. After the 
selected 24-hour or 48-hour residence time, the SLF samples were placed in the 
centrifuge to eliminate the paint particles and leave only the Cr (VI) dissolved in the SLF. 
The concentration of dissolved Cr (VI) remaining in the SLF (without particles) 
represents the dissolution of Cr (VI) from paint particles in SLF at the residence times of 








centrifuged to remove 
particles after 24 hours 
48-hour chromate 
concentration: 
centrifuged to remove 
particles after 48 hours 
+ Chromate ions     O Paint particles 
Figure 5. SLF Sample 
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Sample Preparation and Analysis. 
In preparation for quantifying Cr (VI) concentration, the 30mL of SLF available 
for analysis was transferred into the respective sample analysis containers. To determine 
the total chromium in the initial sample, an aliquot was pipetted from the center of the 
sample volume and transferred directly into a microwave digestion vessel. For 24- and 
48-hour incubations, an aliquot was pipetted from the center of the sample volume and 
transferred into polypropylene centrifuge tubes. After storage for 24 or 48 hours at 37 °C, 
the samples were centrifuged for 20 minutes at 4000 rpm. The supernatant liquid was 
extracted, digested, and analyzed for Cr (VI) concentration. 
Sample Digestion. 
To prepare all samples for AAS analysis, particles in samples must be completely 
decomposed so that the AAS can measure the entire amount of chromium present in each 
sample. By design (and supporting the premise of this research project), primer paints 
polymerize rapidly to form a robust, cross linked lattice structure. To liberate chromium 
for analysis, complete digestion with nitric acid is required to thoroughly decompose the 
paint. Concurrent application of microwave energy shortens the digestion time and 
ensures complete destruction of the paint particles. 
The 01 Analytical Microwave Digestion System (Figure 6) was used to 
decompose the paint samples. No procedure is reported for decomposing the paint 
samples collected for this thesis effort. However, microwave digestion methods for paint 
chips exist in EPA method 3050A and NIOSH Method 7300. The procedures for these 
methods were combined and modified for this thesis sample digestion. Preparation 
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comprised diluting the sample with an equal volume of 70% nitric acid and digestion at 
50 psig for 5 minutes and 70 psig for 25 minutes. 
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Figure 6. Microwave Digestion System 
Atomic Absorption Spectrometry. 
Atomic Absorption Spectroscopy (AAS) measures the interaction of light with 
atoms. AAS uses either a flame or a graphite furnace to create a plasma from a liquid 
sample containing an analyte. Because samples were expected (or could be diluted as 
necessary) to contain less than 1 ppm chromium, a GBC Avanta AAS, fitted with an 
optional autosampler and configured for the more-sensitive graphite furnace procedure, 
was used to quantify chromium concentration in all samples. 
The GBC AAS autosampler option was utilized to introduce a volume of 10 
microliters (i 1) of sample automatically into the graphite furnace tube. The AAS method 
is presented in Table 2. First, the tube is heated by passing current through the tube. In 
the drying step (Step 1), the sample is heated to remove all water. The drying step must 
be done slowly to avoid splattering and possible loss of sample. Argon gas flows to 
remove evaporated vapors. The charring and pyrolysis steps are Steps 2 and 3. These 
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steps destroy the organic matrix components leaving the analyte in a less complex matrix. 
Steps 2 and 3 further remove undesired components of the sample but are completed at a 
temperature low enough to avoid volatizing the analyte of interest. Step 4 is atomization 
where the chromium ions are excited. The argon flow is stopped and the instruments 
absorbance measurements are recorded. The last Step (5) is the cleaning step. This step 
raises the temperature again and forces gas through the tube to clean any residual 
substance left in the tube, preparing it for the next sample. 












1: Drying 80 5.0 10.0 Argon Off 
2: Charing 130 30.0 10.0 Argon Off 
3: Pyrolysis 1400 15.0 15.0 Argon Off 
4: Atomization 2500 1.4 1.6 None On 
5: Clean 2700 0.5 1.5 Argon Off 
Chromium has several absorption wavelengths. The wavelength selected was 
357.9 ran with a 0.2 mm slit width. The hollow cathode lamp current was 6.0 mA. 
GBC Avanta Atomic Absorption Spectrometer with auto sampler was used to 
quantify chromium concentration in each sample. The auto mix function was used to 
create dilutions from a stock concentration for calibration standards. A five-point 
calibration curve method was used. 
A High Purity Standards 75 ppb Cr (VI) certified standard was used in the GBC 
AAS to auto-mix 7.5, 20, 40, 60, and 75 ppb chromium concentrations. A linear least 
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squares regression analysis was used to create the calibration curve. A regression factor 
(R2) of 0.980 or higher was required for acceptance. 
24 
IV. Results 
Manufacturer-Specific Paint Sample Results 
Data Measured for the Deft primer are presented in Figure 7 and data for the 
DeSoto primer are presented in Figure 8. The initial, 24-hour, and 48-hour chromium 
concentrations for the Deft and DeSoto paints are grouped on the graphs. The values on 
the graph above the "Initial [Cr] w/ particle" label (for samples that included both the 
solution and the paint particles) was determined to establish the total concentration of Cr 
(VI) contributed by spray painting. Because these samples were centrifuged to eliminate 
particles immediately before analysis, the values on the graph above the "24-hour [Cr] no 
particles" label indicate the fraction of Cr (VI) that dissolved out of the particles during 
24 hours of incubation at 37   C. Likewise, the values on the graph above the "48-hour 
[Cr] no particles" label indicate the fraction of Cr (VI) that dissolved from the particles 
during 48 hours of incubation at 37   C prior to centrifugation and analysis. The original 
analytical results of the Cr (VI) analyses for Deft and DeSoto are presented in Appendix 
B-l and B-2, respectively. 
The [Cr] concentration results for both Deft and DeSoto paint follow a similar 
trend. When the initial [Cr] concentration is high, the 24-hour and 48-hour samples 
appear to have a significant reduction in [Cr]. This would indicate that a large fraction of 
[Cr] remains trapped in the paint particles. However, when the initial [Cr] are low (<200 
ppb), there does not appear to be a reduction in [Cr] at 24-hours and 48-hours. This 
would imply that most of the Cr (VI) at low initial [Cr] escapes the particles and is 
dissolved into the surrounding SLF. This trend appears to be the same for both 
manufacturers. 
25 





























Figure 7. Chromium Concentration of Deft Samples 
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Figure 8. Chromium Concentration of DeSoto Samples 
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Difference Between Residence Times. 
One research goal was to determine if residence time influences the dissociation 
of Cr (VI) in SLF. If residence time influences the dissociation of Cr (VI) in SLF, a 
difference should exist between the Cr (VI) concentrations in the 24 and 48-hour sample 
results. A paired t-test is performed between the 24-hour and 48-hour residence time 
concentrations to determine if there is a significant difference between the two residence 
times. The results of the analysis of the t-test comparison of means (Appendix C) 
indicate that there is not a significant difference in mean Cr (VI) concentrations of the 
two residence times between the two manufacturers. 
The results of analysis for each of the initial, 24-hour, and 48-hour sampling 
period samples, for both manufacturers, are averaged and presented in Figure 9. The 
95% confidence interval is displayed on the graph. The 95% confidence interval for the 
initial concentration is 822 + 231 ppb. The 95% confidence interval for the 24-hour 
residence time concentration is 95 + 15 ppb. The 95% confidence interval for the 48-hour 
residence time concentration is 112 + 25 ppb. The data seems to reflect that the average 
initial results of sampling were much higher than the corresponding 24-hour and 48-hour 
sample results. Additionally, the initial results have a significantly larger confidence 
interval than the corresponding 24-hour and 48-hour sample results. The results of 
sampling from both manufacturers seem to follow a similar trend—regardless of the 
initial concentration; the 24-hour and 48-hour residence time concentration appears to 
achieve a consistent concentration from approximately 50-100 ppb. 
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Figure 9. Average Chromium Concentration 
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Particle Size Distribution Collected. 
A particle counter was used to determine the number and size of paint particles 
collected during sampling (Appendix B). The size distribution of paint particles for each 
sample is plotted in Figure 10. The paint particles per milliliter are quantified by bin size. 
Figure 10 indicates that the majority of particles collected were between 1-3.5 um in 
diameter. The two samples, highlighted in Figure 10 with thicker lines, have a higher 
number of paint particles in the larger bin sizes compared to most other samples. The 
initial three Cr (VI) concentration associated with these two samples are also identified. 
The higher fraction of larger-sized particles seems to have a direct impact on the high 
initial Cr (VI) concentration results. 
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Particles/mL Contributed by Painting 
Initial [Cr] 
DeSoto4 6,449 ppb 
DeSoto5 4,728 ppb 
DeSoto6 1,810 ppb 
0   12   3   4   5   6   7 8   9  10 11 12 13 14 15 16 17 18 19 20 
Bin Size (um) 
Figure 10. Paint Particles Contributed 
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Particle Surface Area Comparison. 
To determine the contribution of Cr (VI) from the larger-sized particles, the total 
particle surface area was determined. The analysis of particle surface area provides a 
clearer insight on the influence of particle size with concentration. 
The total surface area per milliliter of the paint particles was determined by 
calculating the surface area of the particles within each bin. The surface area of each 
particle is 46r2, where r is the average diameter for each bin. The number of particles 
collected during sampling was multiplied by the average surface area for the bin to result 
in the total surface area within each bin. The seemingly larger surface area in the 20(lm 
bin may be much less noticed with higher instrument resolution. 
Figure 11 shows that most of the paint particles are distributed between 1-3.5 
|lm, with virtually no contribution from larger paint particle sizes. However, the two 
thicker lines shown not only have a large contribution from larger particles but these 
samples also had very high initial concentrations relative to the other samples analyzed. 
The particle distribution with the thicker lines also had much less in [Cr] at 24 and 48- 
hours, which means that very little Cr (VI) dissociates from the particles. These results 
seem to suggest that larger particles lock in more chromium than the smaller (1-3.5 jam) 
particles. The smaller particles may allow most of the Cr (VI) to dissociate which would 
explain the relatively small difference between the initial and the 24 and 48-hour 
concentrations when only smaller particles were collected. In other words, when only the 
smaller particles are involved, a large fraction of Cr (VI) would dissolve into the SLF. 
When smaller and larger particles were collected, about the same amount of Cr (VI) 
would dissolve into the SLF as the samples where only small particles were collected. 
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Particle Surface Area/mL vs. Bin Size 
1,000 
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Bin Size (um) 
Figure 11. Average Bin Particle Surface Area 
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SrCrÖ4 Saturation Limit in SLF. 
The solubility of SrCrÜ4 in SLF was compared to the solubility of SrCrCv in 
water. This provided insight into the saturation point for SrCr04 in SLF. It was 
important to know the saturation limit of SrCrC>4 in the SLF. Over- saturating the SLF 
could affect the chromium dissolution from the initial to the 24-hour and 48-hour sample 
residence times. The solubility of SrCrC>4 in water is 1,200 ppm at 15 °C (Weast, 1985: 
B-147). The solubility of SrCrC>4 (as chromium) in SLF at 37 °C was determined to be 
240 ppm (Morgan, 2000:39). The chromium concentration of the samples may have 
been biased if the chromium concentration approached the saturation limit of SrCr04 (as 
chromium) in SLF. The chromium concentration of the samples (highest [Cr] = 6449 
ppb) is far below the saturation limit (240,000 ppb) so chromium concentrations were not 
affected by being close to the saturation limit. 
Quality Testing Results. 
Chromium was analyzed in blanks and in sample containers to test for chromium 
additions from unknown sources. Blanks were prepared using only SLF and processed 
identically to all other samples and then analyzed. The concentration of the chromium in 
the straight SLF samples was below the AAS method detection limit (0.02 ppb). The 
lack of detectable chromium in the SLF implies all chromium concentrations from 




This research study focused on three primary research goals. The first goal was 
to develop a method for measuring the amount of metal dissociation from a particle in 
SLF. The particle counter verified that paint particles could be trapped into an SLF. In 
order to measure the dissolution of chromium from paint particles into SLF, there had to 
be paint particles in the SLF for the dissolution to occur. The particle counter provided a 
means of verification for the quantity and size of paint particles contributing their 
chromium to the SLF. 
A second goal was to determine whether the residence time of paint particles in 
SLF significantly affected the amount of Cr (VI) dissolving into the SLF. To determine 
whether time had an influence on dissolution, paint particles in the samples were allowed 
to soak in the SLF for 24 and 48-hours. The fraction of Cr (VI) dissolved into the SLF at 
the 24 and 48-hour residence times were compared and the difference was not 
significantly different, so the dissolution process is not time-dependent at the 24- and 48- 
hour time range. 
The final objective of this thesis was to evaluate the fraction of total Cr (VI) that 
dissociates from the collected primer paint particles into the SLF. The data strongly 
suggest that dissociation is significantly suppressed. However, a size-dependent 
relationship with chromate dissociation exists that is beyond the scope of this research. 
Follow-on Research 
Several aspects to further research would be the efficiency of particle collection. 
One could follow standard guidelines to properly characterize the particle size collected 
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in the equipment set-up. Analysis of the particle size would greatly enhance 
understanding. 
The airflow from the pumps should be regulated with a manifold system and flow 
meter. Regulating the airflow to all impingers will enhance the opportunity to target 
particle size and quantity of particles collected through adjustment of the airflow. The 
bubble size generated in the SLF can also be adjusted through controlling the airflow. 
Upon visual inspection of the bubbles generated during sampling, the size of the bubbles 
generated were many orders of magnitude larger than the particles being collected. Large 
bubbles of air will result in lower overall surface area for contact of paint particles with 
the SLF. This may bias the particle size distributions collected. Particle surface area for 
this thesis effort was skewed toward the smaller sized particles, increasing the number of 
particles collected may result in a more equal representation of all particle sizes. 
Establishing controls for particle size will lead future research to which parameters are 
most important in dissociation of chromium in paint particles to body fluids. 
Water-based, polysulfide, and polyurethane paints, authorized by the military and 
federal specifications, should be studied to determine if a similar relationship between 
particle size and dissociation exists. 
Availability of Cr (VI) to the industrial worker is of great concern. Greater depth 
of follow-on research will be key to determining the human hazards associated with 
chromium in paint overspray. 
Interest in chromium compounds stem from the fact that workers have an increase 
risk of lung cancer due to the handling, processing, and application of chromate- 
containing compounds. The data collected for this thesis effort suggest that the Cr (VI) 
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escaping paint particles into SLF is hindered.   The hindrance of Cr (VI) escaping the 
paint particles into SLF was not apparent in the studies OSHA evaluated, where the Cr 
(VI) was in an acid-mist or dust form with no paint matrix to hinder the dissociation of Cr 
(VI) into body fluids. 
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Appendix A-l: Deft MSDS 
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'age; 2 EEET, EBC. [CAGE CODE 334S1) 
Material Safety Data sheet fort MIL-?K?-23377G (MIL-F-23377G.) (Ö2y04p) 
SECTIOK IX - SPECIAL PRECAUTIONS {cont.) 
OTHER PROTECTIVE EQUIPMENT: 
PRECAUTIONS TO BE TAKES D? HANDLING AND STORING; 
Store in buildings assignee! to comply with OSHA 1910.155 
Avoid storing near high temperatures, fire, open flames, end 
spark sources, Store in tightly cloned containers. Störe in 
well ventilated areas. 
OTHER PRECAUTION i 
Keep containers tight and upright bo prevent leotege. Prevent 
prolonged breathing of vaporEJ or spray mists. Prolonged over- 
exposure nay cause an allergic reaction. Aviod contact with 
skin and eyes. Do not tote internally. Do not handle until the 
manufacturers safety precautions have Ibsen read and understood, 
wash hands before eating, smoking, or using washroom. Smoke in 
SJBoking areas ONLY. 
*** TRANS PORTA"FION INFORMATION +** 
APPLICABLE-REGULATION'S: 49 CPR (YES); XHCO (HO)? IATA [NO} 
MILITARY AIR [AER 71-4) (HO) 
PROPER SHIPPING HftMEs Faint 
EEFORTABLE QUANTITY;  Hot applicable 
HASARD CLASSs Flcannia'ble liquid 3 
THIS MATERIAL WHEN PACKAGED £KT CffiJTAIKSRS OT 1 LITES OR LESS1 
QUALIFIES AS PATNT 321 LIMITED QUANTITY GP CLRS5 3. 
REQUIRED EASELS -.  Flammable liquid 
U.S. POSTAL REGULATIONS; Not allowed, to send via US POSTAL 
*** DISCLAIMER *** 
Information contained herein is furnished without warranty of 
any kind. Employers should use this information only as a 
supplement to other information gathered by them and roast make 
independent determination of suitability and completeness of 
information from all sources to assure proper use of the 
materials and for the safety and health of their employees. 
ACTUAL VOC DETERMINED PEK EPA REFERENCE METHOD 2d, 
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SECTiaS       X     -   KEGTOATÖRV" IKT'OKMATICW 
-SARA 313: 
This product contains the following toxic chemicals subject tc 
report ing r öcair ascent s of sect ion 313 or the Emergency Plotinir 
and Community sight To Know Act of 1?86 ana of 40 CFK 372; 
Percent by 
CAS# Chemical Same Weight 
7763-06-2 STROOTI^ CHRCMSWE 22,54 
Thin product contains chromium (haxavalsot compound), 
25% fcy weight. 
-?ROF  65-CARCINOGENIC 
WÄKNI29G:  ^Ehis product contains a chemical Xnown to the state 
of California to cause cancer, 
CASjf Chemical Manie 
77$9-OS-2 STKONTIÜM CHRCfcöCT 
TOtic product  contains ehroteiu™   (haxqvalent  compound), 
-PROP So-TEKRTOGSHIC 
WARNING:  Thin product contains o chemical known  to the  state 
of Califoinia to cause hirth dofecte or othar reproductive hai 
CAS/f Chemical Hams 
None 
-?ROF 55-CARCEKIÖSEKIC S  reKATOGENIC 
WAEHIKG:  Ufais proi3u.ct may contain « chansicisl Xnown to the efcat 
California to CAUEB cancer or Mrth defects or other reproduet 
CAS# Chemical N«use 
3Sone 
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Material   |?afi?t? 
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Aveid storing ess.? fcip!" temp»srat\ir s,     <.ji--'    : >• ••     «nd 
»par>; e«ai:c«tt.   stete in tig ly elrs* * ,-->■">•<-       > .._   in 
w»l.l wnti 18**4 a:r«a»,. 
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'**   TRÄ?B:'FC?R1ftTISII   Xia^OIÄATISR   *** 
APPLICABLE  KBölH./>T'iOHS;   4?   CFR    iTBSJ;    J1*C£>   ISO? ;    IATÄ    ^HO) 
KIlsJTAK'f  ÄlR   {APR  71-4)    |K0) 
FKOFEK  SffIFFZKC  SM!E:   Point I»  KtMBEK:   PK-32Ö3 
KEPORTÄtaz. CCäSTITI;   llöt   «»licsfcj.e 
gJ%1LAEIS ClÄSlif  yLarroKsfc!» lisysict 5 
THTg HMSSS.XAL WKKS  PACKÄS»  Ig  CCSilXIHEEi? C?   1  LITER  OR  IMSS 
qmi>tFms Aß PABC w nrntTsm QtimriTi o? CLASS 3, 
KE5C1SED LABELS;  Flaässsabie liquid 
ü.ß.   fwmt  SEGTJ1ATI0BS;:   Ifet   «ilovföd  to  »wmß  viß   m   l'OS'tXh 
SBKV1CB. 
Infisrmatien contsinad hersiJi  is   fsiraiftbed witliout   »«; rsqty  o-l 
any  lind.   Employers,  «liowlu  ue#  £l» infensati-™   gmsy  «B   ^ 
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Appendix A-2: DeSoto MSDS 
KÄTBKIAI: SAFETY DATA SHEET printed : Ü7/0S/S7 
Revised : 01/16/95 
SECTION   I  - PRODUCT 1SDEHTIFICATIO" 
Manufacturers COURTAULDS Af?SOSl:ACE Information Pbcir;?: 5810! 240-2060 
5430 SAM FERNANDO. ROAD, .Esnarqencv   Phone: {000} 228-5635 
P.O.BOX 18O0 CHEMTEEff   Phnne: (Ö005 424-5300 
GLEEDM,S CÄ. 91209 - ■   .......'. .:!.. 
t 'Hassarä Racinca:     Health - 2 
Product Class: EPOXY | none; -> asctr.ram*       Fire « 3 
Trade San»   : 513X390 EPOXY .POLYAMIDE PRIHBRI  0 -*->     k Reactivity - 0 
Product Code : 5X3X330 i 
HSDS IS No.  i KS5711&D0 \ Person«! Protection - H 
B.O.T. Hazard Class : FlatranaSle liquid        IS! iJ; 'UN 12 6 3 
Proper Shipping Käme: Paint 
Hasard Class 3 Par.klnq Groua 2 
Reportable Quantity: See  section VII 
SECTrOM  II  •■ INGK3DI3NTS 
Weight  - -» Exposure niraits VP 
Hazardous Ingredients       CAS f %   ACGIH/TüV  OSBA/PBL   sun HG 
»METIiyr, ETHYL KETONB ÖÖ0W8^öT~3    5l   7$8—ppffi 2CÖ—5iS~™ '"?'<1  
STBb» 300 300 
3M3  "      OO0I08-8S-3   " IS. SO       pore-"ISf    pnm 
STB'.«   -   -    -   *    - 150      "" 
äNE  Ü0133Q-20-7   "ll, lOCf'-'piiS   l'31T~pp^ 6.6 
STEL«!   150 3.50 
EPOXY -RESIN ÖÄ5C36-25-3'    "2"S.' OnäecerESiM""* N/A? 
»STRONTIUM CHHükRTH  Wf789-Ö"6~ 2   ~25. 0.5005  M Cr ™.   .    ,   .        N/A? 
aw/Mi mg/M3 
STSL-   .... 0.05  Äs Cx 
CHROMIC ACID,STROKT2ÜH SALT 
TITSHiUM DIOXIDE"® ÖlTtflV 67-7      <   5,"""""" 10      "ISTTm 10       "mg/MJi     N/A» 
IS0PRÜWl7AT]ÜÖHÖL "" ÖQÖÖ67-63-0 """—g~: 405 ppS     4W"*~BpTfi 44 
STSIi» SOD   *      500 
TALC®     "' 03.4807-96-6  Tf,.    2  """"rr.a/Kü  7 HÖ/M3  K/ÄP 
mrirfC'AMYL KBTORE""* oöoTnPIT^r < s. "'so ppfi        löö   ppra      2.1 
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COÜRTAÜLDS ÄSRÖSPACE 
Material, Safety Data Sheet-, for; 512X39 0 
SECTION II  -  (com..) 
*** AH. Ingredients in this product are listed in the T.s.c.s.. inventory. 
m -> These items are listed as required by 29CFS ISIO: 120-0 
because'they appear on airborne contaminants* list. However, in 
this product they are la fully encapsulated fort« and therefore 
are 110c hazardous to users under norrsal circumstances, it the 
cared product is sanded or grerusd. ss as to release respirablft 
particles, suitable respiratory protection should be used. 
* -> These items are subject to the reporting .requirements c£ section 313 of 
Title III of tfee Superfund'Amendments and Reaathoriz?it: on Act of 198-6 
. and 40 CFR Part 3 72. 
■   SECTioR   in - vmmcM, DATA 
Boiling Range:    175 - 300 Deg. F       Vapor Densitv: Heavier than Air. 
Evap. Hate: Unavailable Liquid Density: Klavier than Hater, 
Volatii.es volume:  St).4 !• wgt per gallon: 10.34   Pounds. 
Spec. Gravity;  1.301 
Appearance: YELLOW LIQUID, SOLVENT ODOR 
V.O.C. tGR/h) ;   592 W/3lOX62-l&010X3il «4/4/1 
SECTION  IV  > FIRE ARD EXPLCTlGt  "2""' T 
E-S usability Class: FIJ\M?.&BL.E    Flash Point: 22 F Sstatlash   LSI,: Unknown 
-fiXtlHGÜXSHIKG MEDIA; 
Carbon dioxide, dry chemical or foasu, 
-SPECXM» FIREKGKTIK3 'PROCEDURES: 
Water spray juay be ineffective, cool fire exposed containers 
with water". Fog nobles are prefenable. Wear NIOSH/KSlIk 
approved self-contained breathing apparatus and protective 
clothing to orevent contact with ski« and eyes. 
-tMOStJAL FIRS 5 EXPLOSION HAZARDS; 
Vapors may accumulate in inadequately ventilated or confined 
araass. Vapors may for«* explosive mixtures with air. Vapors 
may travel long distances. Flashback or Flajte to the handling 
site may occur. Closed containers tray exs-lodc when exposed to 
extrctae' heat. 
SECTION  V  - HEALTH HAöiRs) DMA 
-PERMISSIBLE EXPOSURE LEVEL: 




Material Safety Data Sheer, for: 513X390 
SECTION HEALTH  HAKARD  DATA ..! 
-PERMISSIBLE EXPOSURE LEV2L-: {com.} 
-EFFECTS OF OVEREXPÖKURE : 
MEX. 
EY2S:       MM CAUSE EOTMING, TEASING AND REDDENING 
TRANSIENT CÖENEAL CLOUDING. 
SKIS:       PROLONGED EXPOSURE KAY CAUSE RBDKESS, BUSKTt 
PRYING -AND CRACKING OF SKIK. 
INHALATION: MAY CAUSE C0Ü3HIKS, CHEST PAINS. TilROAT IRHJ 
       MAY CRUSE HEADACHES AST» DIZSINBS3 ; MAY BE At 
AM) MAY CAUSE OTHER CBKTRAL KEßVOUS SYSTEM I 
REVERSIBLE LIVER' DAMAGE IS POSSIBLE AT HIGH 







EYES:       KAY CAUSE BUSKING, TEARIHQ AND REDDENING. 
SKIN:       PROLONGED EXPOSURE MAY CAUSE DRYING AND CRACKING 0: 
SKIN, AND POSSIBLE DERMATITIS, 
INHALATION: MAY!CAUSE DIZZINESS, DROWSINESS AKB FATIGUE 
CAUSE LTVER ARB KXDNK* DAMAGE. 
I.NG33YIÜN-  MAY CAUS'S DROWSINESS, DIZZINESS AND MAUSBÄ, 
KFPSCTS OF LONO-fBRM (CHRONIC) EXPOSURE 
MAY CAUSE DISTURBANCE IK MEMORY; THIHXIKC 
COORDINATION. 
KAY 
ABILITY, 'EMOTIONS AMD 
THIS CHEMICAL IS ON THB LI3T ENTITLED »CHEMICALS KNOWN BY THE 







MAY CAUSE BURNING, TEARING AND REDDENING. 
PROLONGED  EXPOSURE MAY CAUSE  DBYINÖ AMD CRACKING 
OF  SKIN POSSIBLE DERMATITIS.  THIS PRODUCT MAY BE 
ABSORBED THROUGH THE SKIK. 
MAY CAUSE DIXZISßSS, DROWSINESS AND FATIGUE. MAY 
CAUSE LIVES OR KIDNEY DAMAGE. 
MAY CACJSE IRRITATION 0? THE BISSSTTVE T1ACT. SIGNS 
0? NERVOUS SYSTEM.DEPRESSION' (DROWSINESS, DIZZlNSSS 
LOSS  OF  COORDINATION» SKI? FATISUE). 
ASPIRATION HAZSRO-THXS MATERIAL CAN BNTRR LÜKOS 
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Material Safety Data Sheet for: 512X390 
SECTION  V  - HEALTH ■HAZÄHD DAT& (cont.J 
-"JSS'-FECTS OF OVEXEXPOSURE; (cont. ) 
DURING SWALl,OV;:blG OR VOMITIK3 ARS CAUSE IJTKf 
rNMi&MMÄTION AND PAKAGE, 
BISPHENOIr A / BPICTLOROBYDKIN Timm 
EYES: MAY CAUSE MECHANICAL IRRITATION'. 
SKIM: MAY CAUSE SKIN SEKSITIEftTION* 
IKHAXÄT1ÖN: KAY CAUSE IRRITATION TO RESPIRATORY TRACT. 
IK3SSTIOK: LOW ORDER OF ACUTE ORAL TOXICITY, 
"STRONTIUM CHRÖMÄTE  *** C A R C I K 0 0 E H *** BY NIT AND IASC 
HBXRVAIiENT CHROMIUM COMPOUNDS MB OK THE LIST ENTITLED 
»CHEMICALS KNOWS  BY THE STATS OP CALIFORNIA TO CAUSE CANCER", 
EYES:       HO 3>ATA. 
SKIN:       IRRITANT.  POSSIBLE"PAINLESS PENETRATING ULCESS OF 
SKIN.  SENSITIZATION IK SOME INDIVIDUALS.. 
INHALATIOi-l: MAY CAUSE MUCOUS MEKBRAS3 IRRITATION AND PBKETRATiKG 
ULCERS OP THE NOSE, PBSPOHATIOK OF CARTILAGINOUS 
KASAib SEPTUM.  JAUNBICE AND KIDNEY DÄMA3B REPORTED. 
INGESTION:  RO DATA. 
ISO PROP YL ALCOHOL 
EYES:       IRRITANT, 
SKIM:        IRRITANT. 
ISHALÄTTOK: MAY CAUSE KOSE AND THROAT IRRITATION. MAY CAUSE 
FLUSHING, HEADACHE, DI2ZIKE8S, MENTAL DEPRESSION, 
NAUSEA, VOMIT IKS, "MARCOS IS ANESTHESIA AND <T;MÄ. 
XSKJESTIOHj  MAY CAUSE HEADACHE, DIZZINESS, MENTAL DEPRESSION, 
NAUSEA, VOMITING, "NARCOSIS, ANESTHESIA AND COMA. 
MAK 
EYES;       KAY CAUSE BURNING, TEARING MS RSDDSSTTNG. 
SKIN:       PROLONGED EXPOSURE MAY CAUSE 05YISÖ AMD CRACKING 
OP SKIN.  POSSIBLE BBRMÄTITXBS. 
INHAIATION-. ■"MAY CfiCSS DI2KINESS, ORORSIKSSS AND FATTGO'B. 




Material Safety Bat a Sheet for: 5J3.X39C- 
SECTION   V  - HEALTH HAZARD DATA {cont.} 
-EFFECTS 0? OVEEKXPQSOSE: (cont.) 
-FIRST AJQ: 
Ey«B: Flush with water ttr IS ir.im.it es. Get medical attention. 
Skin: wash with soap and water. iDo not use solvents. 
Remove contaminated clofchlnq and was!: before reuse, 
If symptoms persist, «et weciical attention. 
Inhalation: Remove to Eresh'air from exposure. Give artificial 
respiration or cardiopulraonary resuscitation (CPTO   if 
breathing is difficult, get medical attention. 
Ingestion- Get medical attention. 
SECTIOK VI -  REACTIVITYDATA 
STABLITY:  [ J Unstable      [x] Stable 
HÄ2A&OÖUS POLYMERIZATION;   I 1 May OfiCur      [X] Kill not. ra:nur 
-INCOMPATIBILITY 
Horift recognised unless noted below, 
-CORDITIONS TO AVOID: 
None recoerdzed unle-ss noted below, 
-HAZARDOUS DECOMPOSITION PRODUCTS: 
Products of combustion are h&Mrdous including carbon dioxide 
and carboa monoxide. 
:::TIOF   vn - SPILL OE LEAK PROCEKJK 
-F  »S TO BE TAKEN IK CASE MATERIAL IS K.EL-SÄSED OH SPILLED 
Protect from ignition. Wear air-supplied respirator for 
unventllatsd spill. Cover with absorbent material ans scoop 
into container. Clean residue with a suitable solvent, 
CEECJA RO FOR MEK IS 5,000 LBS. 
CEP.CLA EQ FOR TOLUENE IS 1,000 LBS. 
CBRCLÄ RQ POE XYLSMB IS 1,000 LBS. 
CKRCLA m  FORSTROMTUMCHEOMftTK IS IS LBS. 
-WASTE DISPOSAL M3THOD: 
When disposing of this material, ensure that it is oackaged, 
stored, transported and otherwise managed in accordance with 
local, stete and federal regulations. 
SECTION VIII - SPKCIAI, PROTECTION INFORMATION: 
-RESPIRATORY PROTECTION: 
When spraying or applying in any circumstances likely to produce 
airborne level of h&zzxäous ingredients in excess of 'il.v, ass an 
organic vapor cartridge or air■• supplied respirator. 
-VBKTILATICW: 
General ventilation to maintain versora below TL¥ and PEL. 
- PROTECTIVE GLOVES: " 
Solvent resistant gloves, During aorav application, oonp;ets 
(eont,5 
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Material Safety Data Sheet for: S13X390 
SECTION VIII - SPECIMi PROTECTION IKFOBKWTOK: (coat.) 
-MOTECTIVE GLOVES: <cont.) 
skin protectioa Is required. 
-BYE PROTECTION: 
Gögöles or full-face shield. 
•OTHER PROTECTIVE EQOIPMRNT: 
Avoid skin coaKact by use o£ other protective clothirai. Safety 
shower, eye bath and washing facilities should be available. 
SICTIOH  IX  » SPECIAL PRECAUTIONS 
-PRECAUTIONS TO B3 TAKEN IN HANDLIKS AND STORING: 
Keep container tightly classed. Isolate from heat:, electrical 
equipment;, snarks and' flame. Do not store above 12 0 deu.F. 
•OTHER IMFORMM'IOK : 
Empty drums may contain explosive vapors. Do not c-.it,   puactur» 
or weld on or near drum. 
Vapors of this product are heavier elsar. air and may collect in 
low or confined areas. 
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Appendix B-l: Deft Data Tables 
Sample 
Label 










Deftl 511 431 442 
Deft2 915 40 50 
Deft3 118 123 
Deft4 1,020 53 50 
Deft5 3,080 141 152 
Deft6 3,827 86 84 
Deft7 102 26 
Deft8 109 32 
Deft9 45 19 17 
Deftl 0 132 70 62 
Deftl 1 208 57 36 
Deftl 2 218 63 66 
Deftl 3 554 55 248 
Deftl 4 1,705 52 106 
Deftl 5 117 166 301 
Deftl 6 751 141 99 
Deftl 7 77 2 5 
Deftl 8 463 31 31 
Deftl 9 665 43 49 
Deft20 77 44 31 
Deft21 143 45 42 
Deft22 273 47 49 
Deft23 152 41 40 
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Appendix B-2: DeSoto Data Tables 
Sample 
Label 










DeSotol 147 94 1 
DeSoto2 149 157 58 
DeSoto3 224 99 140 
DeSoto4 1,810 171 
DeSoto5 6,449 148 
DeSoto6 4,728 154 303 
DeSoto7 145 127 118 
DeSoto8 534 178 332 
DeSoto9 1,496 863 
DeSotol 0 274 69 73 
DeSotol 1 450 208 282 
DeSotol 2 46 26 
DeSotol 3 79 43 
DeSotol 4 1,269 149 
DeSotol 5 123 35 32 
DeSotol 6 590 70 71 
DeSotol 7 159 189 
DeSotol 8 160 79 89 
DeSotol 9 768 112 64 
DeSoto20 883 143 141 
DeSoto21 1,084 214 205 
DeSoto22 944 80 185 
DeSoto23 1,391 97 121 
DeSoto24 202 39 42 
DeSoto25 294 42 48 
DeSoto26 566 70 68 
DeSoto27 881 73 
DeSoto28 1,916 87 103 
DeSoto30 1,296 85 
DeSoto31 146 137 
DeSoto32 122 65 
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Appendix C: Residence Time t Test 
H0: (J-Deft24 - ^Deft48 
Ha: P-Deft24      M-Deft48 
t-Test: Two-Sample Assuming Equal Variances 
Deft Deft 
24-hr [Cr] 48-hr [Cr] no 
no particles particles 
Mean 83.1 99.3 
Variance 8136.2 11597.3 
Observations 21.0 21.0 
Pooled Variance 9866.8 
Hypothesized Mean Difference 0.0 
df 40.0 
tStat -0.5 
P(T<=t) one-tail 0.3 
t Critical one-tail 1.7 
P(T<=t) two-tail 0.6 
t Critical two-tail 2.0 
H0: |iüeSoto24 
— M-DeSoto48 
Ha: |J-DeSoto24       |^DeSoto48 
t-Test: Two-Sample Assuming Equal Variances 
DeSoto DeSoto 
24-hr [Cr] 48-hr [Cr] no 
no particles particles 
Mean 98.4 112.5 
Variance 5330.7 9591.1 
Observations 44.0 44.0 
Pooled Variance 7460.9 
Hypothesized Mean Difference 0.0 
df 86.0 
tStat -0.8 
P(T<=t) one-tail 0.2 
t Critical one-tail 1.7 
P(T<=t) two-tail 0.4 
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